Objective: To find predictors of abdominal obesity (defined by 490th percentile of waist/hip ratio (WHR)) and related factors among 31-y-old men and women. Design: Longitudinal study of the northern Finland birth cohort of 1966 with measurements obtained at birth, 14 and 31 y. Subjects: A total of 2841 men and 2930 women with data on WHR at 31 y.
Introduction
Abdominal obesity, an accumulation of visceral fat often defined in terms of the ratio of waist to hip circumference (waist-hip ratio: WHR), is closely related to insulin resistance, hypertension, type II diabetes, cardiovascular diseases and breast cancer (Ohlson et al, 1985; Ballard-Barbash et al, 1990; Megnien et al, 1999; Okosun et al, 1999 Okosun et al, , 2001 ). The prevalence of abdominal obesity is increasing, and both waist circumference and WHR were found to have increased considerably among Finnish men and women over the 10-y period 1987 -1997 (Lahti-Koski et al, 2000a . Similar findings have also been observed among Swedish women (Lissner et al, 1998) .
Mean WHR has been shown to increase with age (LahtiKoski et al, 2000a) , although the effect of age on abdominal obesity may be confounded by the degree of overall obesity, since body mass index (BMI) usually increases with age (Läärä & Rantakallio, 1996; Molarius et al, 1999; Lahti-Koski et al, 2000b) . It should be noted, however, that the changes in WHR and waist circumference were found to be independent of relative weight among Swedish women (Lissner et al, 1998) . All in all, BMI is nevertheless one of the most marked determinants of WHR (Molarius et al, 1999; Lahti-Koski et al, 2000a; Kuh et al, 2002) . Apart from its inverse relation to social class (Brunner et al, 1998; Lahmann et al, 2000) and level of education (Marti et al, 1991; LahtiKoski et al, 2000a) , WHR has been shown to be associated with several lifestyle factors, such as alcohol consumption (Laws et al, 1990; Sakurai et al, 1997; Dallongeville et al, 1998) , smoking (Laws et al, 1990) , high intake of dietary saturated fats (Ward et al, 1994) , physical inactivity (Laws et al, 1990; Trichopoulou et al, 2001) , increased stress and anxiety (Lloyd et al, 1996) , shiftwork (van Amelsvoort et al, 1999) and parity (Lahmann et al, 2000) . These studies, however, have not taken simultaneously into account earlier lifecourse variables, for example, body size at different ages.
Retarded fetal growth has been associated with abdominal fatness in men, especially in the presence of high adult BMI (Law et al, 1992) , and catch-up growth with overall obesity among children (Ong et al, 2000) , although only one study explored postnatal growth as an effect modifier for the relation between prenatal growth and abdominal obesity (Kuh et al, 2002) . In addition to a small inverse effect of fetal growth on adult WHR, this previously published longitudinal study also observed that for any given adult body size, those who had been lighter in childhood had a greater risk of abdominal obesity (Kuh et al, 2002) . It is still not known whether weight gain after adolescence leading to adult obesity is more harmful than obesity that is already present in adolescence. Additionally, it is not known if health-related habits have independent roles in the development of abdominal obesity besides overall weight gain.
The aim here was to find predictors of abdominal obesity at the age of 31 y and factors related to it. Four hypotheses were explored: first, that small size for gestational age is associated with abdominal obesity at age 31 y; second, that both a high BMI in adolescence and adulthood and weight gain after adolescence leading to adult obesity are associated with abdominal obesity; third, that unhealthy health-related habits at 14 y (smoking, alcohol consumption) and at 31 y (high alcohol consumption, physical inactivity, smoking, and a low frequency of consumption of high-fiber foods and frequent consumption of sausages) are associated with abdominal obesity at the later age; and fourth, that low social class in the family of origin, and low social standing at 31 y are associated with abdominal obesity at the later age.
Study design and population
The Northern Finland 1966 Birth Cohort is an unselected, general population birth cohort ascertained during midpregnancy. The cohort comprises 12 058 live-born children in the provinces of Lapland and Oulu with an expected delivery date during 1966 (Rantakallio, 1969 (Rantakallio, , 1988 .
Data on the cohort members were collected from the child health clinics at birth and at age 1 y, by postal questionnaires at 14 y (n ¼ 11779, 99.8% of those alive) and at 31 y (n ¼ 8767, 75.3% of those alive), and by a clinical examination at 31 y (n ¼ 6033, 71.3% of those invited) (in 1997-1998) . The analyses are based on data for individuals who participated in the clinical examination (n ¼ 6033, 71.3% of those invited), who did not object, and gave written consent to their data being used for scientific purposes at 31 y (26 refused, 6007 did not refuse), and for whom measurements of waist and hip circumferences at 31 y were available (n ¼ 5771, 68% of those invited to the clinical examination).
Ethics
The study was approved by the ethics committees of the Finnish Institute of Occupational Health and the University of Oulu.
Definition of outcome and explanatory variables
The main outcome was abdominal obesity at 31 y, determined by the 90th percentile or more of WHR, separately for each sex. WHR was defined as the ratio between the circumferences of the waist (at a level midway between the lowest rib margin and the iliac crest) and the hip (at the widest trochanters).
Possible confounding variables considered were maternal age during the pregnancy and maternal BMI, calculated from her weight before pregnancy, as recorded at the first visit to the antenatal clinic, during the 16th gestational week on average, and measured or self-reported height. Of the explanatory variables, gestational age was calculated to the nearest week from the first day of the last menstrual period, and small for gestational age (SGA) was defined as a birth weight relative to gestational age below the 10th percentile (Rantakallio et al, 1991) .
Socioeconomic status in childhood was determined by the family's social class (Helsingin kaupungin tilastokeskus, 1954; Rantakallio, 1979) at the time of the subject's birth (in 1966) and by the subject's own educational attainment by age 31 y (in 1997-1998) . The family's social class, as recorded in 1966 and 1980, was defined in terms of the father's occupation and its prestige, using five categories: (1) professionals, (2) skilled workers, (3) farmers, and (4) unskilled workers and workers with no occupation or whose occupation was unknown. The subject's social standing in adulthood was based on self-reported levels of education, which were classified as follows: (1) academic degree, (2) polytechnic or college, (3) vocational school, and (4) vocational course, training unfinished or no vocational education.
The subject's BMI at 14 y was based on self-reported data on weight and height and classified into sex-specific percentiles: o85th, 85 too95th and 495th. BMI at 31 y was based on weight and height measured during the clinical examination, figures reported by the subjects being used if no such measurements were available, and was classified as follows: underweight (o18.5 kg/m Alcohol consumption at 14 y was ascertained by postal questionnaire and classified into regular consumers (monthly or more often) and nonconsumers (never, merely tasted, or had consumed alcohol occasionally) (Rantakallio, 1983) .
Smoking at 14 y was assessed by classifying the answers to the question 'Do you smoke' in the postal questionnaire into nonsmokers and regular smokers (twice a week or more often) (Rantakallio, 1983) . Smoking habits at 31 y were ascertained by means of the structured questions 'Have you ever smoked in your lifetime? and if yes, then 'Do you smoke nowadays?' with six choices. Non-smokers were those who had never smoked, ex-smokers included those who had smoked but did not do so any longer, occasional smokers were those who reported smoking 1 day a week or less often, and regular smokers included those who smoked 2-7 days per week.
Frequencies of food and alcohol consumption at 31 y were ascertained as part of the larger postal questionnaire, which the study subjects returned at the clinical examination. The subjects were asked to consider their habitual food consumption during the previous 6 months, and to choose a suitable classification on a structured six-point scale (from never to several times per day). This method is commonly used in Finnish population-based surveys of health behavior (eg, Finravinto, 1998; Helakorpi et al, 1997) . In this case data on the frequency of consumption of foods rich in fiber (such as rye bread or crisp bread, fresh vegetables and salads, berries or fruit) and foods high in saturated fats (such as sausages) were obtained. An unhealthy diet was taken to be one that included daily or almost daily consumption of sausages, and less frequent (twice a week or less often) consumption of rye bread or crisp bread, fresh vegetables and salads, berries or fruit, one point being assigned on each of these counts, so that a sum of four-five points indicated an unhealthy diet and three or less a healthy diet.
Alcohol use questions (AUQ) were designed to measure the average frequency of consumption of beer, wine and spirits during the last year, and the usual amount of each consumed on one occasion. The amount of alcohol consumed per day was calculated using the following estimates of alcohol content (vol%): beer 4.8; light wines 5.0; wines 14.5; spirits 37.0. The subjects were then assigned to four groups by sex-specific quartiles of alcohol intake, those in the highest quartile being regarded as heavy drinkers.
The frequency of brisk physical activity (at least some sweating and breathlessness) was determined by a postal questionnaire at 31 y. Those subjects who participated in such activity two to three times a month or less often were classified as inactive, and those who did so once a week or more often were classified as active.
The subjects were asked in the postal questionnaire at 31 y how many children they had and whether they used hormonal contraception.
Relative validity and repeatability of variables measuring unhealthy diet and alcohol consumption
A subsample of 196 subjects living in the area of Oulu (in Northern Finland) or Helsinki (in Southern Finland) and participating in the health examination on randomly selected days was asked to keep 7-day food records prospectively, beginning immediately after the health examination. They were asked to record all drinks, also alcohol beverages, and foods eaten, with amounts and a detailed description of the quality. Their food records were checked immediately by a nutritionist. Food records were analyzed with the help of MicroNutrica, a computer program based on Finnish nutrient databases (Rastas & Seppänen, 1997) .
In total, 188 individuals of the 196 who were asked to complete the 7-day food record had also data of AUQ. Owing to the structured answers in AUQ the calculated alcohol intake, as grams per day, was not considered to be continuous. Since the distribution of alcohol intake was right-skewed, the median provides the best description of the average consumption of alcohol. The median intake of alcohol using data from the AUQ was 5.2 g/day (lower and upper quartiles: 1.3 and 9.8 g/day), and that from the food record was 5.0 g/day (0.0 and 15.2 g/day). In cross tabulating by quartiles (Table 1) , 88 cases (47%) were classified into the same quartile classes by both methods used, and four cases (2%) into totally opposite classes. In all, 100 and 0% would represent perfect agreement whereas 25 and 12.5% total randomness. These results were quite similar to earlier validation studies in which quantitative analyses using prospectively collected data were included (Pietinen et al, 1988; Männistö et al, 1996) . We concluded that AUQ is a sufficiently valid method of ranking the subjects from abstainers to heavy users according to the intake of alcohol, instead of assessing the absolute level of alcohol intake. AUQ can be used in detecting consumers with low and high alcohol consumption, both between and within populations.
In total, 187 individuals of the 196 who completed the 7-day food record also had data on unhealthiness of their diet (yes n ¼ 19; no n ¼ 168) derived from a postal questionnaire. Those classified as having an unhealthy diet had lower median intakes of carbohydrates (42% of total energy (%E) vs 45%E, P ¼ 0.006 by the Mann-Whitney U-test) and fiber density (7.4 g/1000 kcal vs 9.1 g/1000 kcal, P ¼ 0.001), and a higher median intake of protein (17 vs 15%E, P ¼ 0.046). The median intakes of total energy, total fat, saturated fat, monounsaturated fat, polyunsaturated fat or alcohol did not differ significantly (data not shown) by the classification of diet as unhealthy (yes/no). The repeatability of the food and alcohol measures was tested by asking a small subgroup of subjects (n ¼ 67) to fill in the postal questionnaire twice at an interval of 2 weeks. The agreement between the responses was high; 76-88% of them chose the same alternatives on both occasions.
Statistical methods
The explanatory variables were first cross-tabulated with the outcome and the statistical significance tested by Pearson's w 2 -test for independence (Tables 2 and 4 ). All tabulations were performed separately by sex, as the cross-tabulations had shown that the associations of some explanatory variables with abdominal obesity differed by sex, and because abdominal obesity is more typical of men.
In the first set of logistic regression analyses, the effects of SGA and later BMI on abdominal obesity were studied in three different models: first we included only SGA, second SGA together with BMI at 14 y, and third SGA, BMI at 14 y and 31 y were included in the analyses as explanatory variables (Table 2) .
In the second set of analyses, BMI at 14 y, and SGA and BMI at 31 y were included as explanatory variables in order to study whether weight gain before or after adolescence leading to adult obesity was associated with abdominal obesity (Table 3) .
Third, based on the results from cross-tabulations, the potential explanatory variables and confounding variables were included in multivariate logistic regression analyses (Tables 5 and 6 ), the first model without BMI at 31y and the second including it.
Adjusted odds ratios (ORs) for abdominal obesity and their 95% confidence intervals (95% CI) are reported here.
The outcome variable (WHR o90th percentile and Z90th percentile by sex) was categorized rather than being used as a continuous variable, and logistic regression analyses were preferred because most of the explanatory variables were categorical, and because they allowed easier interpretation of the results. When the prevalence of an outcome is quite low (o10% in a cohort), OR gives an estimate of relative risk. Since maternal age and maternal BMI are associated with size at birth and the subsequent BMI of the offspring of female subjects (Laitinen et al, 2001) , these variables were included in the logistic regression model in order to explore their effects on the relation between SGA, later BMI and abdominal obesity at 31 y. In addition, the multivariate binary logistic regression analysis was controlled for hormonal contraception and parity in the case of women.
Results
As seen in Table 2 , SGA was associated with abdominal obesity in men when BMI at 14 y was included in the model. SGA and overweight and obesity at 14 y were independently predictive of abdominal obesity, but their independent effects diminished when BMI at 31 y was included. SGA was not a predictor of abdominal obesity in the women. BMI at 31 y was the variable having the closest association with abdominal obesity in both sexes. The analysis was continued by studying the associations between the body size variables measured at different ages and abdominal obesity at 31 y separately, within strata defined by BMI at 14 y (Table 3) . Smallness for gestational age tended to increase the risk of abdominal obesity at 31 y, but only among men who had had normal body weight at 14 y, and was otherwise not clearly associated with abdominal obesity at 31 y. Among the subjects with normal weight at 14 y, both weight gain after adolescence and overweight or obesity at 31 y were associated with an increased risk of abdominal obesity at 31 y. Thus, the highest OR (84.93) was observed among men with normal weight at 14 y and obesity at 31 y.
Among subjects who were overweight at 14 y, the risk of abdominal obesity was nevertheless also significantly greater among those who were overweight at 14 y and overweight or obese at 31 y. In these analyses, the ORs for women were higher than those of men (Table 3) .
Association between health habits and abdominal obesity at 31 y The unadjusted associations with health habits at 14 and 31 y and social standing at birth and at 31 y, shown in Table 4 , indicate that the proportion of men with abdominal obesity increased with ascending quartiles of alcohol intake at 31 y. Although the proportion of women with abdominal obesity was highest among those who had been regular alcohol drinkers in adolescence, there was an inverse association between alcohol intake and abdominal obesity at 31 y. Smoking at 14 y tended to be associated with abdominal obesity at 31 y, but this was not so for smoking at 31 y. Physical inactivity at 31 y was associated with abdominal obesity.
The proportions of men with abdominal obesity were higher among those who did not have a daily or almost daily intake of foods rich in fiber, such as rye bread, fruit, berries and fresh vegetables and salads (Table 4) . Among women, only infrequent consumption of fruit and fresh vegetables and salads was associated with abdominal obesity (Table 4) . Daily or almost daily consumption of sausages was associated with abdominal obesity among men but not among women.
The social class of the family at the time of the subject's birth was significantly associated with abdominal obesity among females but not among males. Vocational education was associated with abdominal obesity at 31 y in both sexes (Table 4) .
The results of the multivariate logistic regression analyses of health habits and body size in relation to abdominal obesity are presented in Tables 5 and 6 . These analyses are controlled for maternal age and BMI before pregnancy, and also for parity and use of hormonal contraception at 31 y among women. BMI at 31 y is included only in model II.
Among the men (Table 5) , those who were SGA had an independent risk of abdominal obesity, in addition to which Predictors of abdominal obesity J Laitinen et al high alcohol intake at 31 y, physical inactivity and unhealthy diet were independently associated with abdominal obesity, as also was a low level of vocational education. The most important factor associated with abdominal obesity was nevertheless a high BMI at 31 y.
There were fewer variables associated significantly with abdominal obesity among the women (Table 6 ) than among the men in the multivariate models. In the first model, subjects with high BMI at 14 y, regular alcohol intake at 14 y, physical inactivity at 31 y and no more than a vocational Pearson's w 2 test for independence. b An unhealthy diet was taken to be one that included daily or almost daily consumption of sausages, and consumption of rye bread or crisp bread, fresh vegetables and salads, berries or fruit twice a week or less often, one point being assigned on each of these counts, so that a sum of four to five points indicated an unhealthy diet and three or less a healthy diet.
school education showed an increased OR for abdominal obesity, and physical inactivity and vocational schooling still tended to be predictors of abdominal obesity when BMI at 31 y was included in the model. Overweight and obesity were mostly associated with an abdominal accumulation of body fat among the women as well.
Discussion
This longitudinal, population-based birth cohort study showed that a high adult BMI, especially among subjects with normal weight in adolescence who were overweight or obese at 31 y, was the most important predictor of abdominal obesity at the latter age. In addition, unhealthy habits, a low level of vocational education, and a small size for gestational age at birth were independent predictors of abdominal obesity among the 31-y-old men. These unhealthy habits included high alcohol consumption, physical inactivity, and an unhealthy diet, in the sense of a low frequency of consumption of fiber-rich foods such as rye bread, vegetables, fruit and berries, and frequent consumption of sausages. The predictors of abdominal obesity among the 31-y-old women, in addition to a high adult BMI, were physical inactivity and a low vocational education. All the analyses were controlled for maternal BMI and age, which are known to be associated with the body size of offspring, but are not generally taken into account.
The evident differences between the sexes in the predictors of abdominal obesity were that men were more vulnerable to the effects of being SGA in relation to abdominal fat accumulation, and to the effects of unhealthy behavior. The ORs for the BMI variables in relation to abdominal obesity, after adjustment for BMI at 14 y, were likewise greater among the men. The fact that unhealthy habits were not associated with abdominal obesity among the women may partly be because of recall bias, which may be greater for women, who are generally more health-conscious than men and greater for obese subjects than for those of normal weight. On the other hand, males have been shown to be more vulnerable to the deleterious effects of maternal smoking during pregnancy (Xu et al, 1998) , and it may be that their physiology is in general more vulnerable to the harmful effects of unhealthy habits.
Small size for gestational age at birth was an independent, although not very strong, predictor of abdominal obesity among men, but not among women, even after controlling for later BMI and health habits. The importance of SGA relative to adult BMI was minor, however, as seen from the great difference in ORs, and it diminished still further in the analyses controlled for BMI at 14 y. In the end, the Predictors of abdominal obesity J Laitinen et al importance of SGA tended to be associated with adult abdominal obesity only among subjects who were of normal weight at 14 y. Thus, our results do not provide much support for the programming hypothesis, which is used to describe the process whereby a stimulus or insult (eg undernutrition, hormones, antigens, drugs, etc) occurring during critical periods of development has life-long effects on the structure or function of organs, tissues or body systems (Barker, 1997) . On the other hand, our findings do lend support to the alternative model which hypothesizes that the risk of chronic disease in adult life reflects cumulative differential lifetime exposure to damaging physical and social environments and forms of behavior (Blane, 1999; Holland et al, 2000) . Weight gain after adolescence seemed to be a very powerful risk factor, males who were of normal weight at 14 y and obese at 31 y having an OR of 84 for abdominal obesity. A high BMI at 14 y was a predictor, but this effect disappeared when BMI at 31 y was included in the analysis, the latter emerging as the most important determinant of abdominal obesity at 31 y, in accordance with previous findings (Molarius et al, 1999; Lahti-Koski et al, 2000a) . BMI at 14 y inevitably includes the effect of puberty; some children of that age will be beyond puberty, but others will be in the preparatory stages when overweight might be part of that process. Thus, people at risk of adult obesity need help and good advice in adolescence and in early adulthood, before the age of 30 y (Braddon et al, 1986) , in order to reduce the risk of obesity and abdominal obesity in their thirties. This emphasizes the importance of weight control and prevention of overall obesity, especially among young males, by means of a healthy diet, moderate consumption of alcohol, and regular physical activity. In view of the marked upward trend in BMI among young Finnish men (LahtiKoski et al, 2000b) , weight gain after adolescence, often associated with abdominal fat accumulation, must be regarded as a matter of importance for public health, especially since abdominal obesity is related to adverse health outcomes such as Type II diabetes and cardiovascular diseases (Ohlson et al, 1985; Megnien et al, 1999) .
Low social standing, measured here in terms of vocational education, was found to be associated with abdominal obesity, as in earlier studies (Marti et al, 1991; Brunner et al, 1998; Lahmann et al, 2000; Lahti-Koski et al, 2000a) . Men who had completed no more than vocational school or an equivalent course had an increased risk even after Model I excludes BMI 31 y, but II includes it. Analyses were controlled for maternal age and BMI before pregnancy, hormonal contraception at 31 y and parity at 31 y.
Predictors of abdominal obesity J Laitinen et al controlling for lifestyle factors, while women with only vocational schooling likewise had an increased risk of abdominal obesity. Most of the earlier cross-sectional studies on overall obesity have observed that low socioeconomic standing is especially related to overall obesity among women (Sobal & Stunkard, 1989) , although longitudinal studies have shown this relation in both sexes (Braddon et al, 1986; Power & Moynihan, 1988; Hardy et al, 2000) . Differences in dietary and exercise habits are often offered as an explanation for the social class differences, but in this study they were taken into account. The social environment influences behavior by shaping norms, enforcing patterns of social control (which may be health-promoting or healthdamaging), providing or not providing environmental opportunities to engage in certain patterns of behavior, and reducing or exaggerating forms of stress for which certain behavioral features may offer an effective coping strategy (Berkman & Kawachi, 2000) . Stress-related eating and drinking has been shown to involve frequent alcohol consumption (Laitinen et al, 2002) , and thus coping with stress may be one element in the development of abdominal obesity. In addition, abdominal (visceral) obesity has been shown to be associated with perturbed cortisol secretion, probably because of frequent exposure to perceived stress Rosmond and Björntorp, 2000) , which may be brought about by the job insecurity and financial strain related to a low level of vocational education, especially among men.
Abdominal obesity was associated with an unhealthy diet among men but not women. Those having a healthy diet had higher median intakes of carbohydrates and fiber than those having an unhealthy diet. High-carbohydrate, high-fiber, low-fat diets have been shown to enhance sympathetic nervous system activity, which is responsible for the achievement of a higher 24-h energy expenditure (Astrup et al, 1992) , and thus high-fiber diets may provide protection from weight gain. Dietary fiber, especially soluble fiber, improves insulin sensitivity (Fukagawa et al, 1990) . Although abdominal obesity is mentioned as a risk factor for insulin resistance, the latter is also associated with other hormonal changes that may favor the accumulation of visceral fat.
High alcohol intake was associated independently with abdominal obesity among men, but not among women at 31 y, although regular alcohol consumption at 14 y independently increased the risk of abdominal obesity at 31 y before BMI at 31 y was included in the model. Earlier findings on the effect of alcohol intake on abdominal obesity have not been consistent (Sakurai et al, 1997; Dallongeville et al, 1998; Lahmann et al, 2000) . Similarly, some authors have observed that smoking is associated with abdominal obesity (Seidell et al, 1991) , which was not found here. On the other hand, smoking is often associated with high alcohol consumption (Kesse et al, 2001) , and this may at least partly explain the controversial findings regarding alcohol intake, smoking and abdominal obesity.
Our observation that physical inactivity was associated independently with abdominal obesity among the 31-y-old men is in line with earlier reports (Seidell et al, 1991) , while a similar relation was detected for women in the first logistic regression model, but when BMI at 31 y was included in the analysis the OR for abdominal obesity decreased somewhat with a lower limit of 0.97 for the 95% CI. This can be explained by the close correlation of overweight and obesity, the most important predictors of abdominal obesity, with physical inactivity, so that a high BMI will reduce the independent effect of physical inactivity in the logistic regression. We used the frequency of brisk exercise in the analyses, and further research would be needed to study the associations between abdominal obesity and light leisuretime physical activity and physical activity at work.
In conclusion, some aspects of the risk of the adult abdominal obesity may be seen already during adolescence, and people need good advice then, and in early adulthood, in order to reduce the risk of abdominal obesity in their thirties. Those who are SGA seem to be vulnerable to the development of abdominal obesity and, thus, good care of pregnant women is the first step in the prevention of abdominal obesity and related diseases in their children. Besides successful weight control, healthy dietary habits, including frequent consumption of foods rich in fiber and non-or moderate alcohol consumption, and also physical activity, are important for avoiding abdominal accumulation of body fat.
